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ABSTRACT

The thesis entitled “Total synthesis of (+)-Cardiobutanolide and (+)-3-epi-Cardiobutanolide, (-)-Decarestrictine-D, attempted synthesis of (+)-Cephalosporolide C related macrolactone and synthesis of non-natural higher carbon sugars using Baylis-Hillman adducts” is divided into three chapters.

Chapter I: Stereoselective total synthesis of (+)-Cadiobutanolide and (+)-3-epi-Cardiobutanolide
This chapter dealt with stereoselective total synthesis of (+)-Cadiobutanolide and (+)-3-epi-Cardiobutanolide
	The annonaceae plant family has been under extensive investigation by natural product chemists due to the diverse and potent polyketide constituents it offers.1 Amongst this family, the most interesting is the genus Goniothalamus since a wide range of compounds with varied properties were isolated from it. Of the many natural products isolated, (+)-goniofufurone and its stereoisomers2 have been the most extensively studied synthetic targets not only because of their interesting biological properties3 but also due to the exquisite bicyclic core skeleton. (+)-Cardiobutanolide 1,4 a structurally dissimilar natural product was isolated recently from Goniothalamus cardiopetalus along with various styryllactones.

                     
	



Initially, we envisaged that the absolute configurations at C(2), C(3) and C(4) of DAG (di acetone D-glucose) could be correlated to C(4), C(5) and C(6) of 1. Thus, the retrosynthetic analysis, depicted in Scheme 1 envisions that 1 could be obtained from 3 by the acetonide cleavage, which would result in a concomitant lactonisation. Global deprotection of benzyl ethers under standard conditions would follow. Compound 3 in turn could be obtained from 5 by an ethyl diazoacetate addition on the corresponding aldehyde to afford the β-keto ester followed by the selective reduction of the keto functionality. Finally we saw compound 5 as a common synthon for both the advanced intermediates 3 and 4, in turn to be obtained from DAG (diacetone D-glucose) by simple chemical transformations.
        
                 












	Thus, the synthesis (Scheme 2) began by following the literature procedure.5 For instance, the known6 3-O-benzyl-1,2-O-isopropylidene-α-D-xylo-pentodialdo-1,4-furanose, obtained from diacetone-D-glucose, on exposure to PhMgBr in THF resulted in the 3-O-benzyl-1,2-O-isopropylidene-5-C-phenyl-α-L-ido-pentofuranose 6 as the major product and the desired C(5) epimer 7 as the minor product (78%, 85:15 ratio respectively). The diastereomers were separated by column chromatography and the major product 6 was subjected to Mitsunobu reaction (p-NO2PhCOOH/DEAD/TPP/THF) followed by methanolysis (K2CO3/MeOH/rt) of the benzoate formed to invert the chiral center, as a simple means of enhancing the chemical yield of 7 (85% over two steps). The gluco configuration at C(5) in 7 was confirmed by comparing with the reported data.5 Next the C(5) hydroxyl group in 7 was protected as its benzyl ether with BnBr in presence of NaH in DMF to obtain 8 (80%). Cleavage of 1,2-O-isopropylidene group of 8 in refluxing 30% aq. AcOH (70%) followed by reduction with LiAlH4 in THF provided the triol 9 (65%). The primary alcohol of 9 was protected as its TBS ether with TBSCl, imidazole (85%) and the two secondary 1,3-hydroxy groups as an acetonide derivative under conventional reaction conditions using 2,2’-DMP in CH2Cl2 catalyzed by PPTS affording 10 (85%), subsequent desilylation with TBAF in THF providing 5 in 90% yield.

















With alcohol 5 in hand our next task was the two-carbon chain elongation preferably with a terminal ester functional group for later conversion into the lactone functionality. Thus 5 (Scheme 2) was subjected to Swern oxidation and an EtOAc addition reaction on the resulting aldehyde (EtOAc/LiHMDS/THF/-78 oC) affording a product (60%) as a single isomer. To determine the configuration of the newly formed stereogenic center unambiguously the rest of the synthesis was continued as planned. For instance, β-hydroxy ester 4 was treated with 80% AcOH to afford a five-membered lactone 11 in 70% yield which on debenzylation (H2/Pd-C/MeOH/rt) afforded the expected final target compound (80%). However the 1H NMR, physical data and [α]D25 values did not match with the reported values of the natural product. For instance, [α]D25 = +26.5 (c 0.7, MeOH) and the 1H NMR revealed that two of the protons are more shielded as compared to those of the natural product (δ 3.82 instead of δ 4.40; δ 4.53 instead of δ 4.62). Hence it may be assumed that the EtOAc addition gave an exclusively anti product since the other chiral centers remained untouched. Formation of 4 can be explained by presuming a metal chelated six-membered TS leading to anti addition.7 Consequently, (+)-3-epi-cardiobutanolide 2 was synthesized instead of 1.

   












Exposure of 4 (Scheme 3) to PDC in refluxing CH2Cl2 gave β-ketoester 12 (30%), though in a low yield. In order to increase the chemical yield, 5 was subjected to Swern oxidation and treated with ethyl diazoacetate in the presence of BF3.OEt2, 4Ǻ MS in CH2Cl2 at 0 oC affording 12 in 70% yield. Stereoselective reduction of 12 with LiEt3BH8 in THF at –78 oC gave an easily separable mixture of 3 and 4 in a 95:5 ratio. The spectral data of the minor isomer 4 matched with that of the earlier sample. Next, 3 was treated with 80% AcOH to give lactone 13 (80%) and finally debenzylation (H2/Pd-C/MeOH/rt) afforded the natural product 1, [α]D25  =  +8.5 (c 0.4, MeOH){natural 1; [α]D25 = +6.4 (c 0.28, MeOH)4 and synthetic 1, [α]D25 = +5.5 (c 0.28, MeOH)9, [α]D25 = +9.2 (c 1.00, MeOH)10} in 80% yield. The physical and spectroscopic data of the synthetic sample 1 were identical to those of the reported natural and synthetic product. 

In conclusion, a stereoselective synthesis of (+)-cardiobutonolide and (+)-3-epi-cardiobutonolide was accomplished by a versatile strategy. A combination of a Mitsunobu stereoinversion reaction, ethyl diazoacetate addition and selective 1,2-syn reduction were used as the key steps. Also a synthesis of 2 was accomplished from a common intermediate 5 wherein the ethyl acetate addition resulted in an exclusive anti product that was further elaborated to the target compound by a comparable set of reaction sequence.

Chapter II: Stereoselective total synthesis of (-)-Decarestrictine D, attempted synthesis of (+)-Cephalosporolide C related macrolactone 
Section A: Stereoselective synthesis of (-)-Decarestrictine D
This section dealt with the stereoselectve total synthesis of (-)-Decarestrictine D from L-malic acid
(-)-Decarestrictine D (1) was independently isolated from different strains of Penicillium (P. corylophilum, P. simplicissimum)11 and Polyporous tuberaster along with various other ten-membered lactones (Decarestrictines A1/A2, B, C1/C2) of this family. Among this class of compounds, (-)-decarestrictine D potentially inhibits liver cell cholesterol biosynthesis (HEP cells, IC50 of 100 nm)11 and the structural difference between 1 and other inhibitors such as mevinolin and compactin suggests a different mode of action. Also, 1 is highly bio-selective with no significant antibacterial, antifungal, antiprotozoal or antiviral activity.11 Considering its selective biological profile, compound 1 has been identified by many research groups world-wide as an attractive synthetic target towards developing new cholesterol-lowering drugs. Consequently, the synthesis of 1 and its seco acid have been reported by various research groups.12-15
Our strategy relies on Sharpless asymmetric epoxidation, acetylenic addition onto a chiral aldehyde, 1,2-syn selective reduction and Yamaguchi macrolactonization as the key steps. Retrosynthetic analysis (Scheme 1) reveals that target compound 1 can be obtained from seco acid 2 by Yamaguchi macrolactonization and subsequent deprotection of the benzyl groups. Seco acid 2, in turn, could be obtained from chiral propargylic alcohol 3 and compound 3 itself by coupling fragments 4 and 5 followed by an oxidation-reduction protocol to generate the 1,2-syn diol system. Both fragments 4 and 5 can be realized independently from L-malic acid by simple chemical transformations.
Retrosynthesis analysis
 









Accordingly, the synthesis of 1 starts with compound 6 (Scheme 2) which is readily obtained from L-malic acid.16 Thus, 6 was silylated (TBDPSCl/imidazole/CH2Cl2/rt) and then on exposure to CSA in MeOH gave diol 7 (85%). Diol 7 was converted into a benzylidene derivative (α,α-dimethoxytoluene/PPTS/CH2Cl2) which on subsequent regioselective reductive ring-opening reaction with DIBAL-H in CH2Cl2 afforded the free primary alcohol 8 (75%) which was oxidized under Swern conditions to afford aldehyde 4 (95%).
To prepare alkyne 5, alcohol 6 was subjected to Swern oxidation followed by a Wittig olefination reaction (Ph3PCHCOOEt/benzene/reflux) to afford trans α,β-unsaturated ester 9 (70%). Reduction with LiAlH4-AlCl3 in diethyl ether and then exposure of the ensuing allylic alcohol to Sharpless epoxidation [(+)-DIPT/Ti(OiPr)4/cumene hydroperoxide/CH2Cl2/-20 oC] afforded epoxy alcohol 10 (85%). Epoxide 10 was chlorinated (CCl4/Ph3P/reflux) followed by llowed bybase induced double elimination (LDA/THF) to afford propargylic alcohol 11. The hydroxyl group in 11 was protected as its benzyl ether (BnBr/NaH//THF/rt) and the cyclohexylidene group was cleaved (CSA/MeOH/rt) to afford the corresponding diol 12 (85%). The primary hydroxyl group in diol 12 was selectively monotosylated (TsCl/Et3N/CH2Cl2/rt) that upon exhaustive reduction (excess LiAlH4/THF) generated alkyne 13 with the terminal methyl group installed. Finally the secondary hydroxyl group was protected as its PMB ether (PMBBr/NaH/THF/rt) to furnish fragment 5.












In order to prepare 3, alkyne 5 (Scheme 3) was treated with n-BuLi in THF at -78 oC and the resulting acetylenic anion was quenched with 4 to yield 14 (70%) as a diastereomeric mixture (de 20%). In order to increase the diastereoslectivity, and to obtain the requisite stereocenter at the newly created site, hydroxy alkyne 14 was oxidized to its corresponding keto compound (Dess-Martin periodinane/CH2Cl2) and selectively reduced with K-Selectride17 in THF at -78 oC to give 3 (85%) and its diastereomer (15%) (de 70%) as a separable mixture. Reaction of 3 with Red-Al in diethyl ether gave the corresponding olefin, and the resulting allylic hydroxyl group was protected as its benzyl ether (BnBr/NaH/THF: DMF/rt) to afford 15 (75%). TBDPS deprotection (TBAF/THF/rt) afforded primary alcohol 16 (95%) which was oxidized to the corresponding acid by a two-step process; firstly to an aldehyde by Swern oxidation and then on perchlorite oxidation (NaClO2/NaH2PO4.2H2O/t-BuOH/2-methyl-2-butene) to the acid 17 (80% over two steps). Treatment with DDQ in CH2Cl2: H2O afforded seco acid 2 as its tri benzyl ether derivative. Yamaguchi macrolactonization18 yielded 18 (45%) and finally global debenzylation (TiCl4/CH2Cl2/0 oC-rt) gave the target compound 1 (65%), [α]D25 –60.3 (c 0.4, CHCl3) {natural 1; [α]D25 –62.0 (c 1.0, CHCl3)11a and synthetic 1, [α]D25 –67.0 (c 0.26, CHCl3),12  [α]D25 –68 (c 0.066, CHCl3)15}. The physical and spectroscopic data of our synthetic sample 1 were identical to those of the reported natural and synthetic products.












    





	In conclusion, a stereoselective synthesis of (-)-decarestrictine D 1 was accomplished by means of a versatile strategy, wherein L-malic acid was used as the common starting material for accessing both the advanced intermediates for use in a convergent total synthesis. 


Section B: Attempted synthesis of (+)-Cephalosporolide C related macrolactone 
This section dealt with attempted synthesis of structurally (+)-Cephalosporolde C related macrolactone from L-malic acid
The new 10-membered macrolide 1 of Cephalosporolide C class have been isolated from the entomopathogenic fungus Cordyceps militaris BCC 281619 together with six known compounds. The antimalarial activity of these compounds against Plasmodium falciparum K1 was evaluated.
The retrosynthetic plan for 1 is depicted in Scheme 1. Compound 1 can be obtained from ester 2 by RCM, 2 in turn can be obtained by the Yamaguchi esterification between allyl alcohol 4 and acid 3. Acid 3 can be obtained from intermediate 6, which in turn could be realized from L-malic acid by simple chemical transformations. 4 can be obtained by glycidyl ether 5 which in turn could be easily accessible by the Jacobsen Kinetic resolution protocol. 
















Accordingly, the synthetic afforts of 1 starts with compound 6 (Scheme 2) which is readily obtained from L-malic acid.20 Thus, aldehyde 6 on allylation with allyltributyl stannane in presence of Lewis acid MgBr2.OEt2 affords the 1,2-chelation controlled product21 7 in 85% yield. The secondary hydroxyl group in compound 7 on methylation (MeI/NaH/THF) afforded compound 8 in 90% yield. The terminal double bond in 8 on cis-dihydroxylattion with OsO4 and N-methylmorpholine-N-oxide in acetone:H2O afforded diol 9 in 80% yield. This diol on oxidative cleavage with NaIO4 in basic dichloromethane gave corresponding aldehyde. Aldehyde on vinyl Grignord in dry THF yielded secondary allylic alcohol 10 (60% over two steps) as diastereomeric mixture. The secondary hydroxyl group in 10 was protected as its PMB ether (PMB-Br/ NaH/THF) to afford 11 in 70% yield. Then the primary silyl group in 11 was deprotected with TBAF in THF to release the primary alcohol 12 in 90% yields. This primary alcohol was converted to its corresponding acid by a two step process. Firstly to an aldehyde by Swern oxidation and then on per chlorite oxidation (NaClO2/NaH2PO4.2H2O/t-BuOH/2-methyl-2-butene) to the acid 3 (65% over two steps) (Scheme 2). 

   


 








	To prepare alkene intermediate 4, (Scheme 3) PMB-OH was protected with epichlorohydrin using NaH as a base in dry THF to obtain the recemic glycidyl ether 13 in 75% yield. Compound 13 on Jacobson kinetic resolution with (S,S)-Jacobsen catalyst afforded (S)-glycidyl22 ether 5 in 42% yield. Chiral epoxide 5 on opening with LAH in dry THF afforded secondary alcohol 14 in 90% yield then the secondary hydroxyl group in 14 was protected as its TBDPS ether (TBDPSCl/imidazole/CH2Cl2) to furnish compound 15 in 85% yield. The primary PMB group in 15 was deprotected with DDQ in CH2Cl2: H2O to obtain the primary alcohol 16 in 70% yield. This primary alcohol on oxidation under Swern conditions followed by one carbon Wittig olefination with (Ph3P+CH3-/tBuOK/ THF) afforded alkene 4 (50% yield over two steps).








Having two advanced intermediates (3 and 4) in our hand our next task is to couple them through an ester bond (Scheme 4). For this, acid 3 was treated with 2,4,6-trichlorobenzoyl chloride18 and Et3N in dry THF to form a mixed anhydride and to this a mixture of 4, TBAF in THF:toluene was added (due to the low boiling nature of the ensuing allylic alcohol it was as such added without further purification) to afford the ester 17 in 40% yield. The PMB group in 17 was deprotected with DDQ in CH2Cl2: H2O to afford the secondary allylic alcohol 18 in 70% yield. This on oxidation with Dess-Martin periodinane in CH2Cl2 afforded diene 2 in 75% yield. To obtain lactone 19, diene 2 was subjected to ring closing metathesis (RCM) using Grubbs’ II generation catalyst in refluxing dichloromethane, unexpectedly; the RCM of 2 was found to be a difficult proposition (Scheme 4) resulting in  some unidentified products and the starting material was recoved (~30%). At this point of synthetic endeavor we tried different conditions by changing solvent to toluene, increasing reaction times, by increasing catalyst loading% and by adding some additives like Ti(iOPr)4 but the result was always the same. To explain unsuccessful cyclization, a literature survey was carried out on RCM in macrolide synthesis. We found that Matsuya et al.23 reported that allyl bulkiness (methyl group) and electron deficient double bond in the form of α,β-unsaturated ketone would decrease the reactivity for facile RCM.











Due to the difficulties encountered during RCM of 2 to obtain the cyclised product 19, we were forced to abandon the synthetic efforts on 1 by ring closing metathesis strategy. 
Thus, in conclusion the RCM protocol was not feasible on this particular system (compound 19, Scheme 4) therefore alternate synthetic strategy is underway in our laboratories to obtain lactone 19 under Yamaguchi macrolactonization conditions.

Chapter III: Synthesis of non-natural higher carbon sugars using Baylis-Hillman adducts
This chapter dealt with synthesis of non-natural higher carbon sugars using Baylis-Hillman adducts of open chain D-ribose and D-mannose sugar aldehydes

Higher-carbon sugars are carbohydrates containing seven or more consecutive carbon atoms and are frequently encountered as subunits in a number of natural products of biological significance and have found important use as chiral synthons.24 They often play a major role in cell-cell recognition, consequently, their synthesis has been a challenge in carbohydrate chemistry for more than a century and assumes ever increasing significance.25 The addition of more carbon atoms to unprotected pentoses and hexoses is often plagued by low yields, poor diastereoselectivity and troublesome isolation of the products.26 The general method for accessing them involves olefination of the C1 or C5 aldehyde and subsequent cis-dihydroxylation.27 However, the yield in the Wittig reaction using Ph3P=CHCO2Et was moderate (30-60%) due to a concomitant intramolecular Michael addition occurring in the products.28 The Michael addition side reaction is a well-known problem in Wittig reactions on pentofuranoses and on hexopyranoses with methyl or ethyl ester stabilized phosphranes. To overcome these problems we developed a synthetic protocol of Baylis-Hillman reaction of the acylic sugar-derived aldehydes (C1) for ready access of diverse and rare heptanoates and octanoates in their protected form. Towards this endeavor, we examined 2,3-O-isopropylidene D-ribose 5 and diacetone D-mannose 13 as starting materials to perform the Baylis-Hillman reaction on the acyclic derivatives for the first time and elaborate the resulting adducts into polyhydroxylated seven- and eight-carbon-containing higher sugars with a terminal ester moiety (compounds 1-4 and 9-12). 
Initially, 2,3-O-isopropylidene D-ribose (5) was selected to test the efficacy of the proposed methodology. Thus, 5 (Scheme 1) was treated with LAH in dry THF to give the triol 6 (75%). Triol 6 was treated with 2,2-DMP in the presence of a catalytic amount of PTSA in CH2Cl2 to furnish the diacetonide protected primary alcohol 7 (85%). Alcohol 7 was oxidized under Swern conditions and the ensuing aldehyde was subjected to a Baylis-Hillman reaction with ethyl acrylate under standard conditions (DABCO/DMSO/rt) to afford a separable mixture of Baylis- Hillman adducts 8a and 8b (6.5:3.5). Following separation of the diastereomers, our next task was to assign the stereochemistry at the newly created stereogenic centers. Earlier we demonstrated that the Baylis-Hillman reaction of sugar-derived aldehydes gave the anti-product as the major diastereomer.29a,b,c By analogy, the stereochemistry at the newly created centers of compounds 8a and 8b was assigned (Scheme 1). Compound 8a was identified as the major product where the C3 stereochemistry was assigned as anti to C4 (J3,4 = 9.6 Hz). Likewise, in the minor product 8b the C3 stereochemistry was assigned syn (J3,4 = 3.0 Hz). Next, these two adducts were independently subjected to ozonolysis followed by reduction with NaBH4 in MeOH at 0 oC to afford all four



















possible diastereomers 1-4 (1:2 and 3:4 in 8:2 ratios, respectively). To determine the absolute stereochemistry at C2, diastereomers 1-4 were converted into their respective cyclic carbonate derivatives 1a-4a (Figure 1) using triphosgene in the presence of Et3N in 
                          
 








CH2Cl2.30A comparative NMR study of compounds 1a-4a helped in the unambiguous, determination of the absolute stereochemistries31 at C2 and C3. For example, the 1H NMR spectrum of 1a, derived from the major adduct 8a, revealed both the H2 and H3 protons at δ 5.05 as a pair of doublets (J = 9.4 Hz) integrating for 2H, while in 2a, H2 appeared as a doublet at δ 5.03 (J = 4.1 Hz) and H3 appeared as a double doublet at δ 4.90 (J = 2.8, 4.1 Hz). These 1H NMR values indicated that C2 and C3 in 1 were syn and in 2 were anti.8 Thus the absolute stereochemistry at C2 and C3 was unambiguously determined for 1/1a (as depicted in Figure 1) taking into account that C3 was already assigned for adduct 8a. Likewise the C2 and C3 stereochemistry for compounds 2/2a was also established based on the above 1H NMR data. Analogously, the 1H NMR spectrum of 3a showed the H2 proton as a doublet at δ 5.01 (J = 8.0 Hz) and H3 as a double doublet at δ 4.80 (J = 8.0, 9.2 Hz) indicative of a C2/C3-syn relationship, while the 1H NMR spectrum of 4a revealed H2 as a doublet at δ 4.98 (J = 4.5 Hz) and H3 as double doublet at δ 4.95 (J = 2.2, 4.5 Hz) being indicative of C2/C3-anti relative arrangement. From these data the absolute configurations of C2 and C3 were assigned for compounds 3/3a and 4/4a. The relative spatial arrangements of the C2-C3 and C2-C4 protons in 3a and 4a were examined through 1D-NOESY studies, and the results support the above conclusions. Thus, it is clear that reduction after ozonolysis afforded the major products as C2/C3-syn isomers (1 and 3) and the minor products as C2/C3-anti isomers (2 and 4). 

Similarly, diol 14 obtained from diacetone D-mannose32 (13, Scheme 2) was protected as its benzoate ester (benzoyl chloride/Et3N/CH2Cl2) and the secondary hydroxyl group as its TBS ether with TBSOTf, 2,6-lutidine in CH2Cl2 to afford 15 (80% over two steps). Compound 15, on methanolysis with excess K2CO3 in MeOH gave primary alcohol 16 (95%). Alcohol 16 on oxidation under Swern conditions followed by Baylis-Hillman reaction with ethyl acrylate under standard conditions (DABCO/DMSO/rt) yielded the corresponding adduct 17 in 65% yield as a mixture of inseparable diastereomers. The mixture was acetylated (Ac2O/Et3N/CH2Cl2) to afford the separable diastereomers 18a as the major (70%) and 18b as the minor (30%) products, respectively.  Based on our previous results29a,b,c and on 1H NMR spectral




















analysis of adducts 18a and 18b, wherein H3 (allylic proton)  appeared at δ 5.77 (J = 5.9 Hz) in 18a and at δ 5.78 (J = 2.3 Hz) in 18b, the stereochemistry of the allylic hydroxyl group was tentatively assigned as depicted (Scheme 2). Later, both the major (18a) and minor (18b) acetate derivatives were independently subjected to ozonolysis followed by reduction with NaBH4 in MeOH. As expected two sets of diastereomers 9-12 were formed. However, during this reaction, the acetate group was cleaved and the products were obtained as diols. Due to the overlap of the diagnostic H2 and H3 protons in all the 1H NMR spectra of diols 9-12, the stereochemistry was established from their corresponding carbonate derivatives. Thus, the diols 9 and 10 obtained from major isomeric adduct 18a, when independently treated with triphosgene in the presence of Et3N in CH2Cl2, afforded cyclic carbonates 9a and 10a (Figure 2) while 18b will gave 11a and 12a. 1H NMR analysis of 9a revealed31 the H2 proton as a doublet at δ 5.01 (J = 8.2 Hz) and H3 as a double doublet at δ 4.7 (J = 8.2, 9.5 Hz). Similarly, the 1H NMR 










spectrum of 10a revealed H2 as a doublet at δ 4.95 (J = 4.0 Hz) and H3 as a double doublet at δ 4.89 (J = 4.0, 5.1 Hz). These results for 9a and 10a were very similar to those of 3a and 4a, which suggests that 9a is C2/C3-syn and 10a is C2/C3-anti. Likewise, the minor Baylis-Hillman adduct 18b, following ozonolysis-reduction, furnished two products 11 and 12 whose structures were determined using the above analogy. Based on carbohydrate nomenclature,33 compound 1 was named as the D-glycero-D-altro heptose derivative and compound 9 as the D-erythro-L-altro octose derivative. On a closer inspection of compounds 2-4 and 10-12, it was apparent that in general, the D-ribose derivative furnished the D-series while the D-mannose derivative gave the L-series. Thus, heptanoates 1-4 and octanoates 9-12 were synthesized and their structures assigned.

In summary, we have disclosed a novel synthetic protocol for the construction of higher-carbon sugars through the elaboration of Baylis-Hillman adducts of acylic sugar-derived aldehydes. This protocol should prove useful to access other members of this class of compounds. These products should find wide use in the synthesis of bio-conjugates.



 EMBED ChemDraw.Document.4.0  































